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Abstract 
Rab3 proteins are low molecular weight GTP-binding proteins that are expressed in neurons and t,ther secretory cells. These proteins 
are localized to secretory vesicles and may play a role in regulated exocytosis. Presently, four highly home!ogous Rab3 isoforms (A. B, 
C, D) have been identified. We examined the expre:;sion of Rab3 isoforms in dispersed chief cells from guinea pig stomach. 
lmmunoblotting with a specific monoclonal Rab3 antibody detected a 27-kDa protein in chief cell cytosolic and membrane fractions• but 
staining was more intense in membrane fractions. Using the Rab3 antibody, immunohistochemical st ining was detected in chief cells but 
not in parietal or mucous cells. To determine which Rab3 isoform(s) is (are) expressed, chief cell eDNA was obtained by reverse 
transcription and subjected to PCR using degenerate primers that are specific for rab3 isoforms. The resulting PCR products were cloned 
and sequenced. The nucleotide sequences obtained were 89% homologous to the nucleotide sequence of mouse rab3D. The deduced 
amino acid sequence was identical to that of mouse Rab3D (amino acids 16-83). Moreover, Rab3D was the only isoform detected in 
chief cells by these methods. To identify rab3 transcripts, the guinea pig rab3D fragment obtained by reverse transcription PCR cloning 
was used as a probe for Northern blotting. The 4,0- and 2.3-kb transcripts identified in chief cells with the rab3 probe were the same size 
as those detected by others in mouse adipocytes using a rab3D-specific probe. These results indicate that Rab3D is expressed in gastric 
chief cells. 
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1. Introduction 
Low molecular weight (LMW) GTP-binding proteins in 
the tab family have been implicated as regulators of 
vesicular transport and membrane fusion [ I -4] .  More than 
30 Rab proteins have been identified and it is believed that 
each Rab protein controls a specific vesicle transport event. 
Rab proteins, like other LMW GTP-binding proteins, cycle 
between GTP- and GDP-bound forms, and are active when 
bound to GTP [5]. Binding of  guanine nucleotides to Rab 
proteins is regulated by low intrinsic GTPase activity and 
by accessory proteins. These accessory proteins include 
GTPase activating proteins (GAPs) that increase the rate of 
GTP hydrolysis, and proteins like GDP dissociation in- 
hibitor (GDI) and guanine nucleotide exchange factor 
(GEF) that regulate guanine nucleotide xchange (see Refs. 
[6,7] for review). 
Abbreviations: rtPCR, reverse transcription polymerase chain reac- 
tion; GTPTS, guanosine 5'-3-O-(thio)triphosphate; G3PD. glycero-3- 
phosphate d hydrogenase. 
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Severn! findings indicate a role for Rab3 proteins in 
regulated exocytosis. In neurons, two Rab3 isoforms, 
Rab3A and Rab3C, are located on synaptie vesicle mem- 
branes and dissociate from the vesicles upon stimulation of 
neurotransmitter release [I.8,9]. Moreover, a Rab3-1ike 
protein has been detected on secretory granules of pancre- 
atic acinar cells [10]. Four Rab3 isoforms (A, B, C and D) 
that are highly homologous except at their C-terminal 
regions have been cloned [I 1-13]. 
Despite their structural homology, it has become appar- 
ent that Rab3 isoforms may play distinct roles with respect 
to secretion. Most work has focused on the role of Rab3A 
in regulating exocytosis in neuroendocrine c lls (Ref. [14] 
for review). Overexpression f Rab3A mutants deficient in 
their ability to hydrolyze GTP inhibits calcium-dependent 
secretion in adrenal chromaffin cells [15] and PCI2 cells 
[16]. Moreover, injection of  these mutant proteins into 
chromaffin cells inhibits exOCytosis [ 16]. In isolated nerve 
terminals, synaptic vesicle-bound Rab3A was almost to- 
tally in the GTP-bound form. Following ot-latrotoxin-in- 
duced exocytosis, an increase in the GDP/GTP  ratio of 
Rab3A was observed [17]. Based on these observations, it 
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has been suggested that GTP-bound Rab3A maintains the 
assembly of an inhibitory complex that prevents the fusion 
of secretory granule and plasma membranes until acted on 
by an external signal, like calcium, which results in GTP 
hydrolysis [14]. The inhibition of exocytosis by GTP3,S in 
neurons [18J supports the proposed inhibitory role of the 
GTP-bound form of Rab3A. 
With respect to regularity., ofcxocytosis. Rab3B appears 
to act in a different manner than Rab3A. In rat anterior 
pituitary cells, antisense oligonucleotides directed against 
Rab3B inhibit calcium-dependent xocytosis [19]. suggest- 
ing that Rab3B facilitates ecretion. In addition. Rab3B 
localizes to junctional complexes in polarized epithelial 
cells, suggesting a role for this isoform in regulating 
junctional protein traffic [20]. Because of the distinct roles 
that Rab3 isolorms play in secretion, it is necessary to 
identify the specific Rab3 isoform(s) expressed in a secre- 
tory cell before attempting to evaluate the role of these 
proteins in secretion. 
Gastric chief cells are exocrine cells that secrete 
pepsinogen i  response to a variety of secretagogues (Ref. 
[21] for review). Previously, we demonstrated that GTPTS 
stimulates ecretion from permeabilized chief cells inde- 
pendent of increases in cellular calcium, cAMP and activa- 
tion of protein kinase C [22], and, more recently, that Rab3 
effector domain peptides are highly efficacious timulants 
of pepsinogen secretion from permeabilized chief cells 
[23]. in addition, we identified several LMW GTP-binding 
proteins on chief cell membranes and demonstrated that 
GTPyS interacts with membrane-bound components to 
stimulate secretion [24]. Consequently, we proposed that 
LMW GTP-binding proteins are involved in GTPTS-in- 
duced secretion. Because Rab3 proteins are believed to be 
involved in the terminal events of the secretory process, 
we used RT-PCR cloning and Northern blotting to exam- 
ine the expression of Rab3 isoforms in gastric chief cells. 
2. Materials and methods 
Materials. Male Hartley guinea pigs (150-200 g) were 
obtained from CAMM Research Lab Animals (Wayne, 
N J); collagenase (type l), bovine serum albumin (fraction 
V) (BSA), EGTA and leupeptin from Sigma; Nick Transla- 
tion System. basal medium (Eagle) amino acids and esset,- 
tial vitamin solution from Gibco: Percoll from Phar" ,,. 
Vectastain Elite ABC kit from Vector Labs (CA): RNexzol 
B from Biotecx Labs, Inc. (TX); RNA PCR kit from 
Perkin-Elmer (NJ); and TA Cloning Kit from Invitrogen 
(CA). A monoclonal antibody specific for Rab3 isoforms 
(clone 42.1) was provided by Dr. Reinhard Jahn ('..,'ale 
University School of Medicine. CT). Clone 42.1 recog- 
nizes highly conserved epitopes in all four Rab3 isoforms 
[251. 
Preparation of dispersed chief cells from guinea pig 
stomach. For preparation of chief cells, standard incuba- 
tion solution contained 24.5 mM Hepes (pH 7.4), 98 mM 
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NaC1.6 mM KCI, 2.5 mM KH2PO z. I mM MgCI 2. I 1.5 
mM glucose, 5 mM Na fumarate. 5 mM Na pyruvate, 5 
mM Na glutamate. 1.5 mM CaCI,. 2 mM glutamine. 0.1c~ 
(w/v) albumin. Irk (v/v) amino acid mixture and I% 
(v/v) essential vitamin mixture. Standard incubation solu- 
tion was equilibrated with 100% 02 and all incubations 
were performed with 100% 02 as the gas phase. Dispersed 
chief cells from guinea pig stomach (> 00% chief cells 
using morphological criteria) were prepared as described 
previously using collagenase digestion, calcium chelation 
and fractionation on a Percoll density gradient [26]. 
In~munoblotting t~f Rab3 proteins in dispersed gastric 
mucosal cells. Cells were washed with cold TBS and 
resuspended in sonication buffer (20 mM Tris-HCI (pH 
7.4), 1 mM dithiothreitol. I mM EGTA, I pg/ml  apro- 
tinin. I pg/ml  leupeptin, 1 /xg/ml pepstatin and I mM 
PMSF). For preparation of membrane and cytosolic frac- 
tions, cells were sonicated (3 x tO s bursts) and cen- 
trifuged at 120000 × g for 40 min. The supematant repre- 
sented the cytosol. The pellet, resuspended in an equal 
volume of sonication buffer, represented the membrane 
fraction. Aliquots of each fraction were mixed with equal 
volumes of 2 × SDS-electrophoresis ample solution. Sam- 
ples were separated by SDS-polyacrylamide gel (12%) 
clectrophoresis, transferred to nitrocellulose and immuno- 
blotted with Rab3 monoclonal antibody. 
Nitrocellulose strips were incubated with 1% BSA in 
TBST (50 mM Tris (pH 7.5). 0.15 M NaCI. 0.05% Tween- 
20) for > 2 h to block non-specific binding. Blots were 
incubated overnight with TBST (1% BSA) containing a 
Rab3 monoclonal antibody (1:1000 dilution); washed 3 × 
30 min with TBST (1% BSA); incubated with biotinylated 
anti-mouse IgG; washed, and incubated with the Vectas- 
tain ABC reagent. Following extensive washing with 
TBST, bands were visualized with developing buffer (0.1 
mM Tris (pH 9.5). 0.1 M NaCI, 5 mM MgCI 2. 0.4 mg/ml 
nitroblue tetrazolium, and 0.2 mg/ml 5-bromo-4-chloro- 
3-indolyl-phosphate). 
lmmunostaining of Rab3 proteins in dispersed gastric 
chief cells, Gastric mucosal cells or dispersed chief cells 
were applied to clean glass slides using a Shandon Cy- 
tospin-2 and fixed with 4% paralbrmaldehyde in 0.01 M 
phosphate buffer (pH 7.5) for 10 min. The slides were 
washed with PBS and treated with 0.3% H202 in methanol 
to inhibit endogenous peroxidases. Slides were washed and 
incubated with normal rabbit serum to reduce non-specific 
binding. The slides were then iacubated with the anti-rab3 
monoclonal antibody (1:500 dilution) overnight in a hu- 
midified chamber at 4°C. Following three 10-rain washes, 
the slides were incubated with biotinylated anti-mouse 
lgG, washed and incubated with the Vectastain ABC 
reagent. The signal was developed with diaminobenzidine 
tetrahydrochloride for 5 min and the slides were washed 
and mounted. Dispersed chief cell fractions were stained 
by the Papanicolaou procedure as previously described 
[261. 
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rtPCR cloning attd seqttencing r~f tab3 fragments. Total 
RNA was isolated from tissues using RNAzol B (Biotecx 
Laboratories. TX). The procedure for RNA isolation is 
based on the method of Chomczynski and Sacchi [27]. 
Approx. 1 /.tg of total RNA was reverse-transcribed at 
42°C for 15 min with a mixture of Moloney routine 
leukemia virt,s reverse transcriptase (2.5 U /g l ) .  random 
hexamers (2.5 p,M) and 1 mM of each dNTP. eDNA 
products were subjected to I'CR using primers for r;tb3 
proteins and glycero-3-phosphate dehydrogenase (G3PD). 
The degenerate rab3 primers target a region (DQNFDYM) 
that is specific for rab3 proteins and a region (WDTAGQE) 
that is highly conserved between rab proteins [11.28]. The 
primers for rab3: 5'-GAY-CAR-AAY-TTY-GAY-TAY- 
ATG-3' and 5 ' -YTC-YTG-NCC-NGC-NGT-RTC-CCA-3 ' .  
where R is A or G; Y is C or T: and N is any nucleotide. 
These primers flank a region of approx. 200 bp that encode 
amino acid sequences that differ between the four rab3 
isoforms. The G3PD primers flank a region of approxi- 
mately 226 bp. The primers for G3PD: 5'-CAT-CAT- 
CCC-TGC-CTC-TAC-TGG-CG-3 '  and 5'-CCT-GGT- 
GCT-CAG-TGT-AGC-CCA-GG-3'. 
For PCR, eDNA and 4 p,M of each prirr :r in a 100 /11 
reaction mix containing 2 mM MgCI 2 v, cre used. The 
temperature cycles were 15 s at 94°C, 30 s at 45°C and 20 
s at 72°C. PCR products were separated on 6% aerylamide 
gels and detected by ethidium bromide staining. The PCR 
products obtained from chief cell RNA were spliced into 
the pCR 11 plasmid (TA Cloning Kit, In~itrogen. CA). 
cloned and sequenced on a Model 373 automated se- 
quencer (Applied Biosystems Inc.). 
Northern blotth+g. The guinea pig chief cell rab3D 
fragment obtained by rtPCR cloning was used as a probe 
to detect rab3 transcripts by Northern blotting. The probe 
was labelled with [ of 3-, P]dCTP using the Nick Translation 
System from GIBCO. BRL (MD). To confirm RNA in- 
tegrity, total RNA (10 /zg) was fractionated on a formal- 
dehyde-I% agarose gel and stained with ethidium bromide 
to visualize the 28S and 18S ribosomal RNA bands. The 
gels were washed and blotted to Nytran membranes 
(Schleicher and Schuell. NH). Following prehybridization, 
blots were hybridized with the tab3 probe at 42°C in 
hybridization solution (5 × SSC (150 mM NaCI. 15 mM 
NaCitrate. pH 7.0). 10 × Denhardrs solution. 50c/c for- 
mamide, 0.1c/, - SDS. 100 /zg of denatured salmon 
sperm/ml)  for 2 days. Blots were washed with 0.1 
SSC/0.1% SDS at 65°C for I h, dried and exposed to 
Kodak X-Omat film for 2-3 days. Transcript size was 
determined using ribosomal RNA 28S and 18S bands as 
standards. 
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3.  Resu l t s  and  d i scuss ion  
To examine the general expression of Rab3 proteins ill 
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Fig. I. (A) lmmunobloning of Rab3 proteins in cytosoli¢ and membrane 
fraction,, prepared from dispersed chief cells. Cytosolic (C) and mem- 
brane (M) fractions prepare(] from dispersed chief cells were immuno- 
blotted with a mont~clonal z.ntibody specific for Rab3 proteins. Equal 
allquots of membrane and c.'.tosolic fractions were loaded on the gel. (B) 
Immanob',otting of Rab3 proteins in dispersed gastric mucosal cells. 
L xsltlcs x~cre prepared from Ihe mucosal cell suspension (M), and frac- 
tion, cnNchcd in parietal (P) and chief (C) cells, and immunobloned with 
a rnonoclonld antibody specific for Rab3 proteins. Numbers on left 
indicate positions of molecular mass marker~ :n kDa. 3"r.m~s indicate 
band at 27 kDa. 
blotted with a monoclonal antibody (42.1) that recognizes 
a conserx'ed epitope on all four Rab3 isoforms [25]. As 
shown in Fig. IA, antibody 42.1 detecied a band with a 
molecular mass of approx. 27 kDa in cytosolic and mem- 
brane fractions that was more intense in the membrane 
fraction. Hence. gastric chief cells express at least one 
membrane-associated Rab3 protein. Before separation on a 
Percoll density gradient, the cell suspension prepared from 
guinea pig gastric mucosa consists predominantly of mu- 
cous. parietal and chief cells [26]. To determine the rela- 
tive distribution of Rab3 proteins in gastric mucosal cells. 
we used clone 42. I for immunoblotting of lysates prepared 
from the mucosal cell suspension (approx. 30% chief 
cells), and Percoll gradient fractions enriched in parietal 
cells (approx. 60% parietal cells. 20ck chief cells. 20ok 
mucous or unidentified cells} and chief cells (approx. 90% 
chief cells. 105; ~ other cell types) [26]. Equal amounts of 
protein (10 p.g) were applied to the gel. As shown in Fig. 
lB. the most intense staining with this antibody was 
observed in the chief cell fraction providing further evi- 
dence that at least one Rab3 protein is expressed in chief 
cells and that the immunoreactivity observed in Fig. IA is 
not caused by contamination with other mucosal cells. 
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The distribution of Rab3 proteins in gastric mucosal 
cells was examined further by immunohistochemistry with 
the Rab3-specific monoclonal antibody. There was no 
detectable staining when the mixed cell suspension or 
isolated chief cells were immunostained with normal serum 
alone (Fig. 2A and Fig. 2D, respectively). Immunostaining 
of the mixed cell suspension with the Rab3 antibody 
resulted in staining of small, granular cells with morpho- 
logical characteristics of chief cells, whereas parietal and 
mucous cells were not stained (Fig. 2B. arrows). Staining 
by the Papanieolaou procedure revealed that. as reported 
p,eviously [26]. fractionation with Percoll results in a cell 
f"action that is enriched in chief cells (>  90% of total 
cells) (Fig. 2C). Intense staining was observed when this 
chief cell fraction was immunostained with the Rab3 anti- 
body (Fig. 2E). Moreover, even at the light microscopic 
level, this immunostaining appeared to be associated with 
secretory granules (compare cells in Fig. 2C with cells 
indicated by arrowheads in Fig. 2E). This observation is 
consistent with preliminary electron microscopic data ob- 
tained in rabbit gastric mucosa with a Rab3D-specific 
antibody [29]. 
Expression of specific Rab3 proteins in dispersed chief 
cells was examined by rtPCR cloning and sequencing. 
Chief cell and brain RNA were reverse-transcribed an  the 
eDNA subjected to PCR with degenerate rab3 primers that 
flank a rab3 isoform-specific region. Brain cDNA was 
added to these experiments as a positive control because 
this organ expresses high levels of Rab3A [14]. PCR was 
also performed using primers for G3PD, a ubiquitous 
enzyme. A 226-bp product was obtained with G3PD 
primers, indicating that the cDNA prepared from these 
tissues was adequate for performing PCR (Fig. 3A, lane 3). 
Using the tab3 primers, an approx. 200-bp product was 
obtained from brain and chief cells (Fig. 3A, lanes I and 2, 
respectively). To determine which rab3 isoform(s) is (are) 
expressed in chief cells, the rab3 PCR product obtained 
from chief cells was cloned. Clones containing the rab3 
insert were identified and five of these were sequenced. As 
shown in Fig. 3B. the nucleotide sequences obtained were 
89% homologous to the nucleotide sequence of mouse 
rab3D [1 I]. The deduced amino acid sequence was identi- 
cal to that of mouse Rab3D (amino acids 16-83 [I I]). 
Moreover, Rab3D was the only isoform detected in chief 
cells by these methods. 
The cloned rab3D fragment was used as a probe for 
mRNA transcripts in total RNA prepared from various 
tissues. As shown in Fig. 4 (lane RB), an approx. 1.8-kb 
transcript was detected in rat brain. This may correspond 
to rab3A (l.6-kb transcript) and/or  rab3C (2.l-kb tran- 
script), both of which are expressed in brain [14]. In chief 
cells (Fig. 4. lane C), 4.0- and 2.3-kb transcripts were 
detected with the rab3 probe and are the same size as 
transcripts detected in mouse adipocytes by Northern blot- 
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Fig. 2. lmmunohistochemical staining of Rab3 proteins in gastric mucosa] cells and dispersed chief cells. Gastric mucosal cells (A and B) or dispersed 
chief cells (D and E'I were immunostained with normal rabbit serum (A and I:)) or a monoclonal antibody specific tbr Rab3 proteins (B and E) as described 
in Section 2. Dispersed chief ceils were also stained by the Papanicolaou procedure (C). Arrows in B indicate chief cells. Arrowheads in E indicate 
apparent s aining of secretory granules. Magnification, I0<~O x. 
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Fig. 3. (A) Detection of rab3 and G3PD nPCR products from ,guinea pig 
brain and chief cell RNA. Chief cell (lanc~, I and 3) and brain (lane 2) 
RNA was reverse transcribed and subjected t,,~ PCR with degenerate rab3 
primers (lanes I and 2) or G3PD primers (lane 3). PCR products ~,zre 
separated on 6~/~ aer~lamide gels and detected b~, ethidium I~romide 
staining. Numbers on left indicate positions of DNA standutds. First lane. 
DNA standards. (B) Nucleotide sequence and predicted amino acid 
sequence of rab3 rtPCR product obtained t~-om dispersed chief cells. The 
rtPCR product obtained from chief cell RNA ~as cloned and ~equenccd 
as described in Section 2. Nucleotides that are diflercnt trom the se- 
quence obtained from mouse [11] arc indicated by arro~. 
ting ',,vith a rab3D-specif ic probe [11]. in mucosal and 
parietal cell lt'actions (Fig. 4. lanes M and P, respectively), 
the 4.0-kb. but not the 2.3-kb+ transcript was observed. At 
present, it is not clear why the 4.0-kb transcript is present 
in the mucosal and parietal cell fractions. The appearance 
of the 2.3-kb transcript only in chief cells may represent 
cell-specific gene splicing, in any event, these results 
support our f inding with rtPCR, that rab3D is expressed in 
guinea pig chief  cells. We cannot exclude the possibil ity 
that other rab3 i,~oforms are expressed at lower levels. 
In conclusion, the results presented here indicate that 
dispersed chief cells f rom guinea pig stomach express the 
Rab3D isofonn, and this protein appears to be associated 
with sccretou' granules. Rab3D is expressed in other secre- 
tory cells including adipocytes [I I] and must cells [28]. 
Rab3A is also expressed in adipocytes: however.  Rab3A 
and Rab3D are localized to different subeellular compart-  
ments, suggest ing that they play different roles in exocyto- 
sis [30]. Recent experimeuts by Tang et al. [29]. using 
immunostain ing of  rabbit gastric glands, localized Rab3D 
to chief  cell zymogen granules. These observations support 
the hypothesis that Rab3D plays a role in regulated exocy- 
tosis. Nevertheless,  unlike Rab3A and Rab3B. direct evi- 
dence for the involvement of  Rab3D in mediat ing secre- 
tion i,~ lacking. We have previously demonstrated that 
GTP"yS stimulates pepsinogen secretion from dispersed 
chief  cells by interacting with membrane-bound GTP+bind- 
ing proteins [24]. While it is tempting to suggest that 
Rab3D is involved in GTP) ,S- induced secretion, further 
experiments are required to establish a definit ive role for 
Rab3D in regulating pepsinogen secretion from gastric 
chief  cells. 
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Fig. 4. Northern blot analysis of rab3 mRNA in rat brain and guinea pig 
gastric mucosal cells. Total RNA was prepared fi'om brain (RB), mucosal 
cells I.M) and fi'actions enriched in parietal (P) and chief (C) cells. RNA 
( I0 /,t g) was fractionuted on u formaldehyde- I c/~ agarose gel. then blotted 
and fixed to Nytran membranes. The rab3D t¥agment obtained b~, rtPCR 
cloning was used us a probe tot Northern blotting as described in Section 
2. Numbers on right indicate size ,.)f detected transcripts. 
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